It has been commonly accepted that microfilaments exist in the outlayer or cytoplasm beneath the cell membrane in leukocytes, and that they are "actincontaining" filaments which show "arrowhead" structures when treated with exogenous heavy meromyosin (HMM). By the action of these filaments, the characteristic amoeboid movement of leukocyte is performed (Shibata et al. 1973; Senda 1976 ). Under a phase contrast microscope, this movement is observed as periodical contractions of the cell body accompanied with transformation of the nucleus (Senda et al. 1961 ). But there is a difference in the transformed figure between the cell body and the nucleus, and so the transformation of nucleus is not a passive one.
Many researchers have reported that nuclei of various cells contain contractile proteins as the major nonhistone proteins on the basis of biochemical analysis (Siegesmund et al. 1964; Magalhaes 1967; Masurosky et al. 1970; Clattenburg et al. 1972; Binger and Kirn 1975; Comings and Harris 1975; Douvas et al. 1975 ; Lestourgeon et al. 1975 ). Both microscopical and biochemical findings led us to presume that the leukocyte nucleus may possess contractile filaments. But no report has as yet demonstrated morphologically contractile filaments in the nuclei of leukocytes or any other cells. In this study, we tried to identify the contractile filaments in the leukocyte nucleus by using HMM.
MATERIALS AND METHODS
A mixture of equine blood and physiological saline containing 1% EDTA-4Na was stood for 2 hr. The resultant plasma was collected by centrifugation at 1,000 x g for 10 min. The sedimented cell pack was cut into small pieces and was immersed in a 50% glycerol solution according to the method of Ishikawa et al. (1969) . The glycerination and deglycerination were carried out for about 12 hr each. A nuclear fraction was obtained by the method of Hogeboom (1955) . The glycerinated cells or fractionated nuclei were treated with rabbit skeletal HMM for 12 hr. Then, they were embedded in epoxy resin and were observed under a JEM 100 B electron microscope.
RESULTS
The presence of filaments showing typical "arrowhead" structures could be recognized in the nucleus as well as in the cytoplasm. These arrowheads are known to be formed when actin reacts with HMM. The cytoplasmic filaments were densely located outside the granular layer, some of them attaching to the cell membrane ( Fig. la and b) . The arrowhead complexes in the nucleus were arranged either in parallel or randomly among the chromatin granules ( Fig . IC and  2 ). They were about 7-8 unit thick and longer than the cytoplasmic filaments . Their fine structures were similar to those of cytoplasmic filaments; that is , they were solid filaments and all arrowheads on each filament pointed in the same direction. Chromatin granules were sometimes associated closely with the filaments.
To examine the possibility that cytoplasmic actin-containing filaments entered the nucleus during the process of glycerination , the nuclear fraction was separated from the whole cell and the same procedures were followed. Fig. 3 confirmed that filaments with arrowheads existed in the nucleus even after the separation.
These findings suggested that not only the cytoplasm, but the nucleus of leukocytes also possesses actin-containing contractile filaments.
DISCUSSION
Previous biochemical studies have reported that contractile proteins can be extracted from the nuclear nonhistone proteins.
Lately, Somosy et al. (1976) demonstrated bundles of microfilaments in the nuclei of leukocytes which had been treated with Vinca alkaloids, and suggested that these filaments might be originated from actin, tubulin or some other acidic proteins.
We refer to the filaments which were detected by the present study in the nuclei of leukocytes as "actincontaining" contractile filaments, since only actin forms the arrowhead structures when treated with HMM.
In previous reports dealing with contractile proteins in glycerinated leukocytes (Senda et al. 1975) , it was confirmed that filaments with arrowhead structures were densely distributed outside the granular layer, i.e. beneath the cell membrane, but that they could not be detected in the perinuclear cytoplasm. As described in Results, the filaments with arrowhead structures could be observed clearly even in the nuclear fraction separated from the cytoplasm. These facts rule out the possibility that filaments or actins in the cytoplasm enter the nucleus during the procedure.
On the other hand, Comings and Harris (1976) stated that contractile proteins were completely absent from the nuclei of the mouse liver cells. We presume that contractile proteins had been washed out from their materials in the process of repeated washing with a hypotonic alkaline solution, because we succeeded in extracting contractile proteins from leukocytes only by a natural or weak-alkaline hypotonic solution (Shibata et al. 1972) .
Some papers ( previous phase-contrast microscopic observation of leukocytes has revealed that transformed figures of the nucleus did not correspond to those of the cell body (Senda et al. 1961 ). Furthermore, the nuclear filaments could be detected by the present observation in lymphocytes which have an ability of blastgenesis. These facts suggest that the nuclear contractile filaments may take some role in the regulation of the nuclear transformation and in the structural interconversion of chromatin.
